COVER PAGE 

Hewlett-Packard Company Docket Number : 
200311929-1 

Title : 

SYSTEM AND METHOD OF DETERMINING 
OPTIMUM POWER FOR WRITING TO AN OPTICAL DISC 

Inventor: 



Charles R. Weirauch 
3962 Foothills Drive 
Loveland, Colorado 80537 



200311929-1 



1 

SYSTEM AND METHOD OF DETERMINING 
OPTIMUM POWER FOR WRITING TO AN OPTICAL DISC 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to the field of optical disc 

recording and more particularly to a system and method of determining optimum power for 
writing to an optical disc. 

BACKGROUND OF THE INVENTION 

[0002] Optical discs have been used as the preferred data storage media for 

computers. While some optical discs are read-only such as CD-ROM (compact disk read-on- 
memory) and DVD (digital versatile disc), others, such as CD-R (compact disk recordable) 
and CD-RW (compact disk re-writable), DVD+RW (rewritable DVD disc) and DVD-RAM 
(digital versatile disc - random access memory) can be used by computer users to record data. 

[0003] In general, the optimum power of the laser diode used to write to an 

optical disc is variable and depends on many factors. For example, properties of the optical 
disc, which may vary from disc-to-disc and from edge to edge or around a radius of each 
disc, affect the optimum laser power to write to the disc. Further, characteristics of the laser 
diode and its operating temperature also make laser power calibration necessary. Further, 
debris on, thermal, or mechanical stress on the optics or media can cause aberrations to the 
laser beam. Existing systems perform an optimum power calibration (OPC) by writing to an 
area on the optical disc that is not used for recording data. This test area is commonly termed 
the power calibration area (PCA) or OPC areas and occupies a region near the inner radius of 
the disc. Later, due to the recognition that the characteristics of the optical disc may be non- 
uniform across its surface, optimum power calibration is also done near the outer edge of the 
optical disc in the lead-out area. However, these two test regions are still remotely located 
from, and may have recording characteristics, the areas of the optical disc where data is 
recorded. Further, because optimum power calibration is performed periodically, the long 
seek time needed to position the laser at the power calibration area or lead-out area increases 
disc write time and slows down the overall operation of the system. 
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SUMMARY OF THE INVENTION 

[0004] In accordance with an embodiment of the present invention, a method 

of determining optimum power for writing to an optical disc comprises performing a power 
calibration test. The power calibration test comprises writing test data to a user data area on 
the optical disc, and reading the test data written to the user data area on the optical disc. 

[0005] In accordance with yet another embodiment of the present invention, a 

system for determining optimum power for writing to an optical disc comprises a processor 
operable to direct a laser to write test data to a user data area on the optical disc, and directing 
a sensor to read the test data written to the user data area on the optical disc. 

[0006] In accordance with another embodiment of the present invention, an 

article of manufacture comprises a computer-readable medium encoded with a process 
operable to perform a power calibration test. The process comprises writing test data to a 
user data area on an optical disc, and reading the test data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] For a more complete understanding of the present invention, the 

objects and advantages thereof, reference is now made to the following descriptions taken in 
connection with the accompanying drawings in which: 

[0008] FIGURE 1 is a simplified flowchart of an embodiment of an optimum 

power calibration test process according to the teachings of the present invention; 

[0009] FIGURE 2 is a schematic diagram of the regions on an optical disc; 

[0010] FIGURE 3 is a simplified block diagram of a system of optimum 

power calibration test according to the teachings of the present invention; and 

[0011] FIGURE 4 is a flowchart of an embodiment of a power re-calibration 

test process according to the teachings of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0012] The preferred embodiment of the present invention and its advantages 

are best understood by referring to FIGURES 1 through 4 of the drawings, like numerals 
being used for like and corresponding parts of the various drawings. 

[0013] FIGURE 1 is a simplified flowchart of an embodiment of an optimum 

power calibration test process 10 according to the teachings of the present invention. 



200311929-1 



3 



Optimum power calibration test process 10 performs an initial calibration test, as shown in 
block 12. The initial power calibration test may be the same or similar to conventional 
calibration tests typically performed by writing to a power calibration area (PCA) 42 on 
optical disc 40, shown in FIGURE 2, set aside for this purpose. Power calibration area 42 is 
located near the inner radius of optical disc 40. Proceeding outwardly from the center of 
optical disc 40, the next region is lead-in area 46, which contains disc information. In some 
optical formats, PCA 42 is considered to be part of the lead-in area. The next area following 
lead-in area 46 is the program area or user data area 48, which has the user written data 
tracks. A lead-out area 50, adjacent to the outer edge of optical disc 40, holds lead-out 
information, and can also include or be followed by a secondary power calibration area to 
conduct normal or high-speed power calibrations. 

[0014] Referring also to FIGURE 3 for a simplified block diagram of a system 

of optimum power calibration 60, the initial calibration test is typically performed on an 
optical disc 40 prior to the first write operation. During the initial calibration test, an initial 
recommended optimum recording power (RORP) estimate value is read from the absolute 
time in pregroove (ATIP) or address in pregroove (ADIP) information encoded in lead-in 
area 46 of optical disc 40. Using this estimated value, processor 66 determines a laser power 
test range that includes the estimated value. In some embodiments, the power test range may 
span three to four milliwatts or more. During the test, laser 62 writes test data to power 
calibration area 42 or lead-out area 50 while controller 64 steps the power of laser 62 through 
the power test range. A optical disc reader 68 then reads the test data. Typically, the test data 
is a predetermined test pattern the value of which is known to processor 66. Optical disc 
reader 68 may comprise a low power laser or light source that focuses the laser beam onto the 
marks and spaces formed on the recording surface of the optical disc. The reflected light 
from the marks and spaces is deciphered by a photodetector and associated electronics in 
optical disc reader 68 and is converted to data providing information about the different 
power values. Processor 66 determines, from the size and optical quality of the marks and 
spaces formed by laser 62 on the recording surface of optical disc 40, the optimum power 
setting for writing data to optical disc 40. As shown in block 14 in process 10, the 
determined optimum power setting is then used to write to optical disc 40 in subsequent write 
operations. 
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[0015] In block 16 of process 10, a determination is made as to whether one or 

more predetermined criteria for re-calibration have been met. For example, re-calibration of 
the laser power optimum setting may be desirable if system 60 (FIGURE 3) has been 
performing many write operations over a period of time. The many write operations may 
cause the operating temperature of laser 62 to sufficiently increase to alter the operating 
wavelength of laser 62. Another exemplary criteria may be the location of the next write 
operation. The physical makeup of optical disc 40 may be non-uniform across its surface, so 
an optimum power setting determined near the inner or outer edges of the optical disc may 
not be optimum when writing to an user data area on the same disc. Therefore, the decision- 
making process in block 16 may determine whether to re-calibrate based on a number of 
factors that may alter the optimum power setting of laser 62. If the determination is "no," 
then execution returns to block 14 to continue operations; however, if the determination is 
"yes" to re-calibration, then execution proceeds to block 18. The re-calibration process in 
block 18 is described in more detail in FIGURE 4. 

[0016] FIGURE 4 is a flowchart of an embodiment of the power re-calibration 

test process 18 according to the teachings of the present invention. Process 18 may be carried 
out by hardware and/or software. In particular, process 18 may comprise software code that 
is executed by processor 66 and/or controller 64 (FIGURE 3), for example. Power re- 
calibration process 18 is performed after the initial power calibration process and periodically 
thereafter as determined in process 10 in order to maintain the optimum laser power setting to 
write to the optical disc. In block 20, the range of power setting to be tested during re- 
calibration is determined. Because the new optimum power setting is unlikely to stray very 
far from the current optimum power setting determined in the initial power calibration 
process or previous re-calibration process, the recalibration test range preferably centers 
around the current optimum power setting. Therefore, the recalibration test range may be a 
substantially tighter range than that used in the initial calibration process. For example, if the 
last optimum recording power value is 20 milliwatts, instead of using a re-calibration power 
range of 18 to 22 milliwatts, the preferred embodiment of the invention sets the re-calibration 
power test range to, for example from approximately 5% below the current optimum power 
setting to approximately 5% above the current optimum power setting. Using the previous 
example, the re-calibration test range is then set to a predetermined range of 19 to 21 
milliwatts, not 18 to 22 milliwatts. Alternatively, because laser efficiency decreases with 
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higher temperature, the upper test range may be set at approximately 7% above the current 
optimum power setting, for example. The power test range for re-calibration may also be set 
in response to input from sensors (not shown). For example, a temperature sensor may be 
used to determine the operating temperature of the laser and/or optical disc. This sensed 
temperature may then be used to change the upper or lower value of the power test range. It 
should be noted that the above-enumerated percentages and ranges are provided as examples 
and may vary according to the laser and optical disc technology used. 

[0017] In block 22, the write head of laser 62 seeks a location in the user data 

area on which to perform the power re-calibration process. Conventional re-calibration 
processes require testing to be done by writing to designated power calibration area or lead- 
out area not used for recording data because the laser power test range may span a setting that 
would damage the optical disc track or the recorded data in adjacent tracks. However, 
because the re-calibration process of some embodiments of the present invention uses a 
narrow re-calibration test range that centers around the current optimum power setting, the 
likelihood of damage is greatly reduced. Therefore, re-calibration may be performed in the 
user data area where data is recorded. Preferably, re-calibration is performed near the block 
or sector of the next write operation so that the optimum power setting may be determined 
according to the makeup of the optical disc at that location. Any sector not containing data 
can be used for writing re-calibration data. Alternatively, sectors containing data may be 
used for re-calibration by writing the data back to the sector after re-calibration. In addition 
to time savings derived from a narrower test range, this process also avoids long seeks to the 
inner or outer edge of the optical disc in order to perform the re-calibration test. In block 24, 
the test power is set to the lower value of the predetermined re-calibration power range. In 
block 25, test data is written to the user data area first using the test power setting. A 
determination is then made in block 26 as to whether the test power setting has reached the 
upper range previously determined in block 20. If the test power has not reached the upper 
limit, then the test power level is incremented in block 28. Otherwise, the re-calibration test 
has spanned the entire power test range and the test data may be read, as shown in block 30. 
The new optimum power setting is then determined in block 32 in response to detecting the 
reflectivity or the position and lengths of the marks and spaces made during the write process. 
This new power setting is then used in subsequent write operations until the next re- 
calibration test. 
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(0018] Because the laser power re-calibration process tests power settings 

within a narrow range about the current optimum power setting, it is less likely to introduce 
damage to the optical disc recording layer or the adjacent data tracks. Accordingly, it is 
permissible to perform the re-calibration test by writing test data to the data tracks in the user 
data area proximate to the sector and block for the next write operation. Performed in this 
manner, re-calibration can be done without long seeks to the power calibration area or lead- 
out area, thus improving the overall performance of the system. Because the re-calibration 
test is performed in the user data area near or at the location of the next write operation, the 
optimum power setting derived as a result also takes into account non-uniformity across the 
optical disc and is therefore more accurate. 

[0019] In drives that currently employ constant angular velocity recording, 

extrapolation computation is needed because it is not possible to perform write operations to 
the lead-out area at the required velocity. The use of the re-calibration process in the user 
data area, according to embodiments of the present invention, now makes it unnecessary to 
perform extrapolation calculations. 

]0020] System of optimum power calibration 60 may comprise a processor 66 

that is located remotely from laser 62, controller 64, and/or optical disc reader 68. Processor 
66 is operable to execute software code implementing processes 10 and 18 encoded onto 
computer-readable medium now known or later developed. 



